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Symplectic Runge-Kutta ( $\mathrm{R}\mathrm{K}$ ) [1] 10
symplectic linearly symplectic $\mathrm{R}$ K 1
linearly symplectic $\mathrm{R}$ K Hamilton symplectic
Hamilton symplectic
symplectic integrator
linearly symplectic $\mathrm{R}$ K





$A=$ $(a_{ij})$ (Runge Kutta ),
$b=$ $(b_{i})$ ( ), $c=(c_{i})$ (abcissa)
$\frac{dx}{dt}=f(t, x)$
$x_{n+1}$ $=x_{n}+h \sum_{i=1}^{s}b_{i}k_{i}$ ,
$k_{\}$. $=$
$f(t_{n}+c_{i}h, x_{n}+h \sum_{j=1}a_{ij}k_{j})$ $(1 \leq i\leq s)$
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$\mathrm{R}$ K 2 [3]





(1) symplectic [5] $R(z)R(-z)=1$ i.e.
$|R(z)|=1$
(2) $\mathrm{R}$ K [4] $P$
$PAP^{-1}+A=eb^{T}$ , $Pb_{---}b$
$\phi_{h}$ $\phi_{-h}=\emptyset_{h}-1$
(3) symplectic $\mathrm{R}$ K [1] $M=0$
symplectic integrator
$[3]_{0}$






(3) . $M\geq 0$ , $b\geq 0$
(Dahlquist&Jeltsch ) 2 $b>0$
(symplectic
(1) \Rightarrow A & $\mathrm{B}$
(2) (Hundsdorfer&Spijker ) $\Leftrightarrow \mathrm{B}$
4 Hairer&Leone
Hairer&Leone
Proposition 1 $M=0$ $RK$ $R(z)$
b $[\mathit{2}]_{\mathit{0}}$
: symplectic A $R(z)$
[6]
symplectic $\mathrm{R}\mathrm{K}$ A $b_{i}$
symplectic $\mathrm{R}$ K 3
(4.1) A $\Leftrightarrow$. $\infty$ B
$b_{i}$
symplectic $\mathrm{R}$ K
symplectic $\mathrm{R}$ K ($4.1\rangle$
2
(1) A ( )
$0<|\alpha|<|\beta|$ ,





















$X=A- \frac{1}{2}eb^{\tau}$ , $S(z)=Z\cdot bT(I-ZX)^{-1}e$ .
(5.1) $R(z)= \frac{1+\frac{1}{2}S(Z)}{1-\frac{1}{2}S(Z)}$ .
$f(z),$ $g(z)$
(52) $S(z)=Z^{\frac{g(z)}{f(z\rangle}}$ , $f(0)=g(0)=1$ ,
$f,$ $g$
(1)
(5.3) $P(z)=f( \mathcal{Z})+\frac{1}{2}zg\langle Z\rangle$,
(2) $f(z)=|I-ZX|$ , $g(z)=\circ$
(3) $s$ $degf=s,$ $degg\leq s-2_{0}$
$s$ $degf=degg=S-1$
(2) $s$ $K_{\lambda}(z)$ $\phi(z)$
$\lambda$ ( )
(5.4) $K_{\lambda}(z)=f(z)-\lambda_{Z}g(z)$
$\lambda\neq 0$ $K_{\lambda}(z)$ $s$ $I-zX$ $\Delta(z)$
$\phi(z)=\Delta(\mathcal{Z})e$
(5.5) $\phi(z)=|I-\mathcal{Z}X|(I-zX)-1e=f(_{Z})(I-Zx\rangle^{-1}e$ .
$\phi(z)$ $s-1$ $\phi(z)\neq 0$
$K_{\lambda}(z)e=(I-z(x+\lambda eb^{T}))\phi(Z)$ .
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Lemma 1 $z_{1}$ , $\cdot$ .. , $z_{t}$ $K_{\lambda}(z)=0$
(1) $\neq 0$ $j=1$ , $\cdot$ .. , $t$
(2) $\phi(z_{1})$ , $\cdot$ .. , $\phi(z_{\ell})$ 1
(. $\cdot$) (1) $f(\mathrm{O})\neq 0$ (2) $1/z_{j}$ $X+\lambda eb^{T}$ $\emptyset(Z_{j})$
$s$ $L$ $\phi(z)$
$\phi(z)=L$
$(\phi(z_{1}), \cdot.., \phi(z_{s}))=L$ .
$\lambda$
$K_{\lambda}(z$] $=0$ :‘]‘ $s$ $L$
$f,$ $g$ $\lambda$









$(\succ f(z)e=(I-\mathcal{Z}X)\emptyset(z), g(z)=b^{T}\emptyset(Z))$ (5.6) $|R(z)|=1$
$R(z)$ (51)
$|R(z)|=l$ $\Leftrightarrow$ $Re(S(z)) \equiv Re(z\frac{g(z)}{f(z)})=0$
$\Leftrightarrow$ $f(z)\overline{Z}g(\overline{z})+f(_{\overline{Z})zg}(Z)=0$
(5.7) $w=\overline{z}$
Lemma 3 $\mathrm{R}$ K symplectic $z$
$\phi(z)^{*}M\emptyset(z)=0$ .
$s$ $z_{1}$ , $\cdot$ .. , $Z_{\ell}$
2 $\phi(z_{1})$ , $\cdot$ .. , $\phi(z\mathrm{g})$ $C^{\ell}$ $j=1$ , $\cdot$ .. , $s$
$\phi(z_{j})^{*}M\phi(Zj)=0$ $M\neq 0$ ( )
Hairer&Leone (57)
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